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SEMICONDUCTOR MEMORY DEVICE WITH 
VARIABLE RESISTANCE ELEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a National Phase ?ing under 35 
U.S.C. § 371 of International Application No. PCT/JP2006/ 
313397 ?led on Jul. 5, 2006, and Which claims priority to 
Japanese Patent Application No. 2005-209697 ?led on Jul. 
20, 2005. 

TECHNICAL FIELD 

[0002] The present invention relates to a semiconductor 
memory device comprising a variable resistance element hav 
ing a variable resistor betWeen a ?rst electrode and a second 
electrode in Which electric resistance is changed by applying 
a voltage pulse betWeen the electrodes. 

BACKGROUND ART 

[0003] In recent years, various device structures have been 
proposed such as FeRAM (Ferroelectric RAM), MRAM 
(Magnetic RAM), and OUM (Ovonic Uni?ed Memory) as a 
next-generation nonvolatile random access memory 
(NVRAM) that is capable of high speed operation replacing a 
?ash memory, and an intense competition of development is 
performed from the vieWpoints of enhancement of perfor 
mance, increase in reliability, achieving cost reduction, and 
process consistency. However, each of these present devices 
has advantages and disadvantages, and an ideal realiZation of 
“a universal memory” having the advantages of each of 
SRAM, DRAM, and ?ash memory still has been far aWay. 
[0004] With respect to the existing techniques, a method of 
changing electric resistance reversibly by applying a voltage 
pulse to a perovskite material knoWn for a colossal magne 
toresistance effect is disclosed in Patent Documents 1 and 2 
described beloW by Shangquing Liu, Alex Ignatiev et al. of 
Houston University in U. S.A. This is an extremely innovative 
method in Which a change in the resistance appears over a feW 
orders even at room temperature Without an application of a 
magnetic ?eld While using a perovskite material knoWn for a 
colossal magnetoresistance effect. Because a resistive non 
volatile memory: RRAM (Resistance Random Access 
Memory) using a variable resistance element using this phe 
nomenon does not require any magnetic ?eld being different 
from MRAM, poWer consumption is extremely loW, micro 
fabrication and high integration are also easy, and because 
dynamic range of the change of resistance is remarkably 
broader compared With MRAM, it has a characteristic that a 
multilevel storage is possible. 
[0005] A basic structure of the actual variable resistance 
element is extremely simple, and it has a structure of Which a 
loWer electrode material, a variable resistor, and an upper 
electrode material are layered in this order in a direction 
perpendicular to a substrate. Moreover, in the element struc 
ture exempli?ed in Patent Document 1, the loWer electrode 
material deposited on a single crystal substrate of a lantha 
num-aluminum oxide LaAlO3 (LAO) is formed With an 
yttrium-barium-copper oxide YBa2Cu3O7 (Y BCO) ?lm, the 
variable resistor is formed With a crystalline proseodimium 
calcium-manganese oxide Prl_XCaXMnO3 (PCMO) ?lm, that 
is a perovskite oxide, and the upper electrode material is 
formed With anAg ?lm deposited by sputtering respectively. 
It Was reported that resistance could be reversibly changed by 
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applying a voltage pulse of 51 volts positively and negatively 
betWeen the upper electrode and the loWer electrode as opera 
tion of this variable resistance element. By reading out the 
resistance value in this reversible resistance changing opera 
tion, a neW resistive memory device is considered to be able to 
be realiZed. 
[0006] Further, a ZnSe4Ge hetero structure and metal 
oxides of n, Nb, Hf, Zr, Ta, Ni, V, Zn, Sn, In, Th, Al, etc., as a 
material of the variable resistor other than the above-de 
scribed perovskite material, are knoWn to have a resistance 
value that is variable depending on the applied voltage pulse 
condition, although the variation may be small. 
[0007] A schematic cross-sectional structure draWing of a 
resistive semiconductor memory device equipped With this 
variable resistance element as one conventional example is 
shoWn in FIG. 17. 
[0008] A memory cell in this semiconductor memory 
device comprises a select transistor T formed on a semicon 
ductor substrate 101 and a variable resistance element R. The 
select transistor T comprises a gate electrode 104, a gate 
insulation ?lm 103, a drain region 105 and a source region 
106 that are a diffusion layer, and is electrically separated 
from an adjacent memory cell With an element separation 
region 102. Further, the variable resistance element R is con 
?gured With a layered structure of a ?rst electrode 112 that is 
an upper electrode, a variable resistor 111, and a second 
electrode 110 that is a loWer electrode as described above. 
[0009] The variable resistance element R is electrically 
connected With the drain region 105 of the select transistor T 
through a contact hole penetrating a ?rst interlayer insulation 
?lm 107 formed on the select transistor T. Moreover, a barrier 
?lm 109 provided betWeen the second electrode 110 and the 
?rst interlayer insulation ?lm 107 has a purpose of securing a 
stable connection resistance betWeen the variable resistance 
element R and a conductive contact plug embedded in the 
contact hole 108. 
[0010] First metal Wirings 116 and 117 to apply an electric 
signal to the variable resistance element R and the select 
transistor T are electrically connected to the source region 
106 of the select transistor T and the ?rst electrode 112 of the 
variable resistance element R through a contact hole 114 
penetrating a second interlayer insulation ?lm 113 and the 
?rst interlayer insulation ?lm 107 and a contact hole 115 
penetrating the second interlayer insulation ?lm 113, respec 
tively. 
[0011] Further, as a multi-layer Wiring process for speed 
acceleration and a high integration, the second metal Wiring 
119 is formed on a third interlayer insulation ?lm 118, and a 
passivation ?lm 120 as a surface protecting ?lm is formed 
thereon. 
Patent Document 1: US. Pat. No. 6,204,139 
Non-Patent Document 1: Liu, S. Q. et al., “Electric-pulse 
induced reversible resistance change effect in magnetoresis 
tive ?lms”, Applied Physics Letter, Vol. 76, pp. 2749-2751, 
2000. 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

[0012] In the resistive semiconductor memory device 
equipped With the above-described variable resistance ele 
ment R, a SiNx ?lm or a SiOxNy ?lm, etc. formed by a plasma 
CVD method (Plasma Activated Chemical Vapor Deposition) 
having moisture resistance against external moisture and a 



US 2009/0102598 A1 

block action against external contamination is generally used 
as the passivation ?lm 120 that is a surface protecting ?lm. 
Because radical hydrogen atoms are generated When a ?lm is 
formed in the plasma CVD method, a large amount of hydro 
gen atoms are contained in the ?lm of the passivation ?lm 
120. 

[0013] Further, a W ?lm superior in embedding coating 
property is generally used as a material of the conductive 
contact plug embedded in the contact holes 114 and 115. The 
W ?lm is generally formed in a thermal CVD method by a 
thermal reaction of WP6 and SiH4, and hydrogen is produced 
in the thermal reaction at the ?lm formation. 

[0014] Here, a group of the present inventors found that 
When a state in Which a reduction reaction or an oxidation 
reaction occurs comes after the formation of the variable 
resistor, the variable resistor is affected by the reduction reac 
tion or the oxidation reaction. For example, a phenomenon 
occurs in Which the resistance value of the variable resistor 
changes by the reduction reaction When hydrogen is gener 
ated as described above. On the other hand, a phenomenon in 
Which the resistance value of the variable resistance element 
changes also by the oxidation reaction against the variable 
resistor occurs similarly. Moreover, Whether the resistance 
value increases or decreases depending on the reduction reac 
tion or the oxidation reaction differs by the material used for 
the variable resistor. 
[0015] In the above-described conventional semiconductor 
memory device, When the variable resistor undergoes a reduc 
tion reaction, the resistance value increases, and When it 
undergoes an oxidation reaction, the resistance value 
decreases. For example, When hydrogen is generated during 
the ?lm formation by a plasma CVD method and the ?lm 
forming of the W ?lm etc. as described above, the resistance 
value of the variable resistor increases by the reduction reac 
tion. Further, during the formation of a silicon oxide ?lm 
generally used as the second interlayer insulation ?lm 113 
and the third interlayer insulation ?lm 118, there is a small 
amount of oxygen unrelated to the ?lm forming reaction, and 
an oxidation reaction promoted by the oxygen causes the 
resistance value of the variable resistor to decrease. 

[0016] Furthermore, because amounts of hydrogen and 
oxygen generated on the semiconductor substrate is roughly 
proportional to the ?lm thickness of the formed ?lm, a prob 
lem in Which the variation of the resistance value of the 
variable resistance element becomes large corresponding to 
the variation of the ?lm thickness of the ?lms formed Within 
the surface of the semiconductor substrate, betWeen semicon 
ductor substrates, and betWeen processes is caused. 
[0017] In order to secure a stable operation as a semicon 
ductor memory device, it is necessary to control the resistance 
value of the variable resistance element accurately. HoWever, 
When the variable resistor is applied to the semiconductor 
memory device, because the resistance value of the variable 
resistance element ?uctuates due to hydrogen that is a reduc 
tion species promoting the reduction reaction or oxygen that 
is an oxidation species promoting the oxidation existing in the 
manufacturing step as described above, variation becomes 
large, and it has been dif?cult to produce a semiconductor 
memory device equipped With variable resistance elements 
having the same resistance value With good repeatability and 
stability. 
[0018] Further, because a small change of manufacturing 
process conditions such as a ?lm thickness of the formed ?lm 
causes a ?uctuation in the resistance value of the variable 
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resistance element, a limitation is given to the changes, and 
there is also a problem that it can be manufactured only With 
a limited manufacturing process. 
[0019] Then, in vieW of the above-described problems, an 
object of the present invention is to provide a resistive semi 
conductor memory device that prevents a resistance change 
of the variable resistance element due to the process in the 
middle of the manufacturing step and that is equipped With a 
stable variable resistance element. 

Means for Solving the Problem 

[0020] In order to achieve the above-described object, the 
semiconductor memory device of the present invention com 
prises a variable resistance element having a variable resistor 
betWeen a ?rst electrode and a second electrode, in Which 
electric resistance betWeen the ?rst electrode and the second 
electrode is changed by applying a voltage pulse betWeen the 
?rst electrode and the second electrode, and at least one layer 
of a reaction preventing ?lm. 
[0021] Further, the semiconductor memory device of the 
present invention is characterized in that the reaction prevent 
ing ?lm prevents diffusion of a reduction species and sup 
presses reduction reaction of the variable resistor. 
[0022] Further, the semiconductor memory device of the 
present invention is characterized in that the reaction prevent 
ing ?lm prevents diffusion of an oxidation species and sup 
presses an oxidation reaction of the variable resistor. 

[0023] Further, the semiconductor memory device of the 
present invention is characterized in that the reaction prevent 
ing ?lm is arranged in close contact With the variable resis 
tance element. 

[0024] Further, the semiconductor memory device of the 
present invention is characterized in that the reaction prevent 
ing ?lm is arranged betWeen the variable resistance element 
and a surface protecting ?lm. 
[0025] Further, the semiconductor memory device of the 
present invention is characterized in that a conductive mate 
rial ?lled in a contact hole formed on the ?rst electrode or the 
second electrode contains a material having a function of 
suppressing diffusion of at least any one of the reduction 
species and the oxidation species. 
[0026] Further, the semiconductor memory device of the 
present invention is characterized in that the conductive mate 
rial ?lled in the contact hole is a conductive nitride containing 
at least one element selected from Si, Al, Ti, Ta, Hf, and W, a 
conductive oxide containing at least one element selected 
from Ir and Ru, a metal element selected from Ti, Ta, Ir, and 
Ru, or an alloy containing at least one element selected from 
Ti, Ta, Ir, Ru, and W. 
[0027] Further, the semiconductor memory device of the 
present invention is characterized in that the reaction prevent 
ing ?lm is an oxide containing at least one element selected 
fromAl, Ti, Ta, Hf, Pb, La, Zr, Sr, Bi, Pr, Ca, Mn, Si, Mg, and 
Ce, a nitride containing at least one element selected from Si, 
Al, Ti, Ta, Hf, and W, a metal element selected from Ti, Ta, Ir, 
and Ru, or an alloy containing at least one element selected 
from Ti, Ta, Ir, Ru, and W. 
[0028] Further, the semiconductor memory device of the 
present invention is characterized in that the variable resistor 
is an oxide having a perovskite structure containing at least 
one element selected from Pr, Ca, La, Sr, Gd, Nd, Bi, Ba, Y, 
Ce, Pb, Sm, and Dy and at least one element selected from Ta, 
Ti, Cu, Mn, Cr, Co, Fe, Ni, and Ga. 












